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Abstract. The purpose of this study is the pointing out of the physic-chemical modifications of the 
bakery products in case those during the technological process have been added malt extracts in different 
percentages The addition of the malt extract in different percents (1%, 2% and 3%) has been tested. In this sense, 
the aspect of the crust and porosity is observed, the diameter and the height of bread has been established.  Also, 
it was determined from compression tests the young modulus for bread. A sigmoid compressive stress-strain 
relationship is characteristic of bread. The influence of viscoelastic characteristics of bread was studied with 
relaxation tests. The relaxation data could be fitted by equations that derived from generalized Maxwell model 
and by normalization and linearization of the experimental force relaxation curves. 
The alcoholic fermentation was more intense for all samples with malt extract. This was showed by 
decreasing the content of reducing sugars during leaven. Also, can be observed that volume of all samples was 
bigger than the whiteness sample, the porosity was more visible and more uniform, the elasticity was better, and 




The idea of this study is the pointing out of the modifications of the bakery products in 
case those during the production process have been added malt extracts in different 
percentages. The malt extracts are a complex chemical composition, with a beneficial 
function on human body. The malt extracts are used in the factoring of nutritious baby food, 
milk products, pharmaceutical, biscuits, beverages and tonics, sweets, bakery products, 
breakfast cereals [Banu & Vasu, 1987; Segal & Segal, 1991; Costin & Segal, 1999; Nistor & 
Jianu, 2000].  
It has been started from the ascertained fact, according to which the malt extract 
administration in different percentages compared to that of flour, lead to the bakery products 
volume increase (having a high content of fermentable sugars and active amylolitic agents, 
especially α-amylase, improve the development capacity of the gases). Also, the malt extract 
addition lead to the improvement of color, the more accentuated development of the crust, the 
diminution of the maturation period and the reducing of the yeast consume and produces the 
changes on the rheological properties of the bread [Pedersen & Eggum, 1983; Mencinicopschi 
et al, 1987; Nattress et al, 1987; Hansen et al, 1989; Pedersen et al, 1989].  
The addition of extract from germinated cereals (wheat, barley, rye, maize and a mixed 
extract) has been tested. In this sense, the aspect of the crust and porosity is observed, the 
diameter and the height of bread has been established. Also, it was studied viscoelastic 
characteristics of bread with relaxation tests.  
 
MATERIAL AND METHOD 
 
1. The malt extract manufacturing process 
 
The cereal samples: wheat (Triticum Aestivum – Lovrin 34), barley (Hordeum vulgare 
L.- Miraj), rye (Secale cereale L.- Orizont) and maize (Zea May - the Florencia hybrid) were 
prepared as following in the view of germinated cereals obtaining: the unsuitable grains were 
removed; soaking of cereals during 40 hours in alternative stages of immersion in water and 
keeping on the air for increasing the humidity from 12-14% to 43-45%; germination for 6 
days using the pilot micromalting equipment; the green malt was dried at low temperature 
(below 60°C) until the humidity declined to 6%. All cereals were taken from 2002 year 
harvest. The processing of germinated cereals into malt extracts form includes the followed 
steps: the grinding of the malted cereals; the leaving-sugaring in conformity with a pre-
established diagram (for best extraction, the mash is held for fixed times at a series of 
specified temperatures); the mixture submissively to leavening is formed by an part of 
grinding and three parts of water. After extraction, the wort must be separated from the husks 
and residues through filtration. The clarified wort is rapid concentrated under vacuum 
(T=55°C) to give a stable extract of about 76% solids – Malt Extract. This is a golden brown, 
viscous liquid with a pleasant, characteristic odor and mild sweet and malted flavor. 
Through this process we obtained extracts of germinated wheat, rye, maize and barley. 
Except these, there were obtained a “mixed extract” through the concentration of a mixture on 
equal proportion from the four types of wort (the wort from germinated barley, wheat, maize 
and rye) . 
 
2. The process for making of bread with malt extract addition 
As row material has been used white flour with following characteristics: humidity – 
14.27%; mineral substance content – 0.4%; humid gluten content – 24%; dry gluten content – 
8.50%; hydrating capacity – 60%.The preparing of leaven was made in conditions of the 
regular bread, with about 40% from the flour to be prepared and water in proportion of 50% 
comparing to the flour. For each malt extract type in particular, the weighted quantity 
dissolves in the water meant for obtaining the leaven, the yeast is added, mixing to dissolving, 
then the flour, after which it is being mixed for homogenizing. The rest time (for 
fermentation) was of 45 minutes. The initial temperature of the leaven was 28°C, and the final 
one reaches 31.5°C. The leaven was obtained separately for each bread sample with malt 
extract addition of different concentrations. A usual sample is being made out of the same 
quantities, but without malt extract. Instead of it, 10 g of alimentary sugar is being added. The 
dough is being maintained 30 minutes at the room temperature 26-28°C) for fermentation, 
after which it is being divided in two pieces with equal mass and is being molded in a round 
shape. It is being put on trays and introduced in the fermentation room for 25 minutes at 
35°C. After fermentation, the products are baked at 200°C for 20 minutes. The baking was 
made in an ESMECH oven. After baking, the aspect of the crust, the porosity, the bread 
diameter and height and the rheological characteristics is being analyzed.  
 
RESULTS AND DISCUSSIONS 
 
After baking the aspect of the crust, the bread diameter and height, the humidity, 
acidity, porosity and the porosity after deformation, is being analyzed using the standardized 
methods. All these observation, have been made in direct correlation with those obtained in 
the case of the normal sample. The obtained results are showed in the Table 1, 2 and 3. 
Table 1 - The values of H/D ratio for bread with malt extract addition 
Diameter (cm) Height (cm) H/D Analyzed sample 
1% 2% 3% 1% 2% 3% 1% 2% 3% 
Black sample 16.1 16.1 16.1 6.9 6.9 6.9 0.43 0.43 0.43 
The bread with extract of 
germinated wheat 
15.0 16.5 17.0 7.5 8.25 8.9 0.48 0.50 0.52 
The bread with extract of 
germinated rye 
16.0 17.0 15.9 7.7 8.5 8.6 0.48 0.50 0.54 
The bread with extract of 
germinated barley 
16.3 16.3 16.0 7.3 8.0 8.3 0.45 0.49 0.52 
The bread with extract of 
germinated  maize 
17.2 16.8 15.5 7.1 7.9 7.9 0.41 0.47 0.51 
The bread with mixt 
extract 
17.4 16.3 15.5 8.0 8.0 8.4 0.46 0.49 0.54 
Table 2 - Physic-chemical characteristics of  bread  with malt extract addition 






Black sample 43.12 2.61 68.83 69.22 
The bread with extract of germinated 
wheat 42.87 2.13 72.08 72.17 
The bread with extract of germinated rye 43.09 2.03 71.35 71.56 
The bread with extract of germinated 
barley 42.62 2.28 75.8 75.56 
The bread with extract of germinated  
maize 43.27 1.96 70.53 71.12 
The bread with mixt extract 42.91 2.06 72.85 72.63 
 
Table 3 - Modification of bread with malt extract addition porosity after deformation 
Analyzed sample Porosity (%) 
transversal horizontal 
 
Initial Final  Initial Final  
Black sample 69.0 47.5 70.7 61.5 
The bread with extract of germinated wheat 69.9 58.6 73.6 68.4 
The bread with extract of germinated rye 70.1 56.2 69.7 60.8 
The bread with extract of germinated barley 74.0 68.3 76.2 74.1 
The bread with extract of germinated  maize 70.4 57.4 69.1 60.3 
The bread with mixt extract 68.9 60.1 75.4 74.1 
From these values results that in all cases with malt extracts addition the obtained 
products were round and the volume was more that whiteness sample. 
The products were not plated or excessive bulging, the color of the crust was golden, 
darker than whiteness sample which has the crust soft yellow because of the Maillard 
compounds. The middle part was unbrittle, with a good porosity and humidity. From table 1 
can be observed the image of bread volume and shape. The values of the ratio H/D between 
0.4-0.5 the volume and shape of the bread are good, above 0.5 the bread is bulging, and under 
0.4 the bread is too plate. In conclusion, adding the malt extract the volume of bread 
increased. For 1–2% additions the ratio H/D is in normal limits, but for 3 % addition the 
fermentation is too intense, so the bread is too bulging.  
In the case of influence of malt extract addition about of bread porosity the obtained 
results showed in table 2, indicates that: in the case of bread with 1% malt extract the porosity 
was uniform and the pores were more increased comparatively with control sample. In the 
situation of bread with 2% malt extract,  the pores it was maintained uniform but are more 
than in the case of bread with 1% malt extract.  In the case of bread with 3% malt extract, the 
porosity was inhomogeneous, appear significantly “gaps” situated under crust, as such the 
exterior surface of bread was irregular.  The biggest increasing of porosity it was observed in 
the case of germinated barley extract addition and the smaller increasing in the case of 
germinated maize extract addition. The values of porosity for sample from the two planes 
(transversal and horizontal) were presented in the table 2. 
The alcoholic fermentation was more intense for all samples with malt extract. In the 
first moments of baking phase, the fermentation is different as results of the yeast types, of 
getting free the sugars as result of the amylolitic activity of leavened dough, the time of 
thermal inactivation of amylases and the capacity of yeast to metabolize free sugars.   The 
modification of the substrate and the influence of dough temperature on the enzymes 
determine the increasing of amylolise intensity. The starch gelatinisation and the rich of the 
optimal temperature lighten the starch hydrolyses under amylase influence. After this moment 
the hydrolyze decreases and stops when the temperature of inactivation of the amylase is 
reached (75°C for the β-amylase and 85°C for α-amylase).  
The yeast cells are active until 50°C producing an intense alcoholic fermentation, but at 
the 55°C they are destroyed. The lactic and acetic bacteria are destroyed at 60°C. Between 
55°C and 60°C there is an interval where is formed some sugars which are not metabolized by 
the yeast. A part of these participate at the non enzymatic Maillard reactions. Another part 
stays in the products.  
 From table 3 we can be observed that the elasticity of bread with malt extract addition 
was better comparativety with control sample;  
Rheological characterization was made by compressive loading tests and relaxation 
tests. To obtain the Young modulus of dough at little values of Cauchy strain the compressive 
test was used when dough has elastic properties (Gamero, 1993; Steffe, 1996). A straight 
bread process was carried out for preparing the bread samples. 
  
Evaluation of bread quality. After baking, bread probes were taken using a cork borer 
(20 mm diameter) specimens with height of about 20 mm were cut. To determinate Young 
modulus, by using a compression apparatus JTL Janz, the bread specimens were uniaxial 
compressed between parallel-lubricated plates at 6 mm . min-1.  
The same apparatus was used for stress relaxation tests. In this sense, the specimen, 
placed between two parallel plates, the upper plate moving downwards with constants speed 
of 6 mm.s-1. When a strain of about 0.5 was attained, the downward moving of upper plate 
was stopped and variation in time of compression force was registered.  
Calculus and graphical representation were realized with ORIGIN computer program. 
Tree replicates were analyzed and averaged. Compression curves obtained, τ = f(ε), express 
the dependence of compression stress τ by Cauchy strain ε (Steffe, 1996). A compression 
curve for bread is presented in Fig. 1. 
As it can be observed there is a sigmoidal dependence, being similarly with 
compressive stress-strain curves obtained for rye bread (Swyngedau, 1991). From the slope of 
the first part of the experimental curve (εc < 0.2) it was calculated the initial compression 
modulus or Young modulus (E) – Table 4. 
 
 
Fig. 1. Compression curve for bread 
 
Table 4 -The initial compression modulus or Young modulus (E) for bread with malt 
extract addition 
 
E  (transverse) E (horizontal) Analyzed sample 
Values Average Values Average 
46681 46187 





The bread with extract of 44273 36225.33 36851 37219.67 































The results of this study indicates that: 
- the alcoholic fermentation was more intense for all samples with malt extract; 
- through addition of malt extracts the volume of bread increased. For 1–2% additions 
the ratio H/D is in normal limits, but for 3 % addition the fermentation is too intense, 
so the bread is too bulging; 
- the volume of all samples was bigger than the control sample, the porosity was more 
visible and more uniform, the elasticity was better, and the crust was more colored 
because of the Maillard compounds formed during baking; 
- the best results regarding on the bread porosity were obtained in the case of bread 
with 2% malt extract. In the situation of bread with 1% malt extract the porosity was 
uniform and the pores were more increased comparatively with control sample. In the 
situation of 2% addition, the pores it was maintained uniform but are more than in the 
case of bread with 1% malt extract. In the case of bread with 3% malt extract, the 
porosity was inhomogeneous and  the exterior surface of bread was unsuitable. The 
bigest increasing of porosity it was observed in the case of germinated barley extract 
addition and the smaller increasing in the case of germinated maize extract addition; 
- from among malt extracts used the best results it was obtained in the case of extract 
from germinated barley, but significantly influence about of bred quality have 
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